The DASS-21 is a public domain instrument that is commonly used to evaluate depression and anxiety in psychiatric and community populations; however, the factor structure of the measure has not previously been examined in oncologic settings. Given that the psychometric properties of measures of distress may be compromised in the context of symptoms related to cancer and its treatment, the present study evaluated the psychometric properties of the DASS-21 Depression and Anxiety scales in cancer patients (n ¼ 376) as compared to noncancer control participants (n ¼ 207). Cancer patients ranged in age from 21 to 84 years (mean ¼ 58.3, standard deviation ¼ 10.4) and noncancer control participants ranged in age from 18 to 81 years (mean ¼ 45.0, standard deviation ¼ 11.7). Multiple group confirmatory factor analysis supported the structural invariance of the DASS-21 Depression and Anxiety scales across groups; the factor variance/covariance invariance model was the best fit to the data. 
Introduction
Depression and anxiety are among the most commonly reported aspects of cancer and its treatment (American Cancer Society, 2014; Jacobsen & Andrykowski, 2015) , and nearly all cancer patients experience at least some symptoms of distress (American Cancer Society, 2014) . Given the prevalence of depression and anxiety in cancer, accrediting agencies now mandate routine distress screening for patients with cancer (American College of Surgeons Commission on Cancer, 2015; Andersen et al., 2014; National Comprehensive Cancer Network, 2013) . Accordingly, accurately and appropriately assessing distress in cancer patients has garnered a great deal of research attention (Vodermaier, Linden, & Siu, 2009) . Although multiple validated tools have been developed to assess depression and anxiety in psychiatric and primary care settings, the psychometric properties of many of these tools have rarely been explored specifically among patients with cancer. Given that cancer patients often experience pain, fatigue, concerns about mortality, and other symptoms related to their cancer and its treatment that may closely approximate symptoms of depression and anxiety, measures that accurately assess psychological distress in other populations may not function equivalently in cancer populations (Hopko et al., 2007) . Without establishing the strength of a given measure's psychometric properties in the population with which the measure will be used, it is impossible to know if the measure assesses what it aims and purports to assess, and that it can be used for its intended purposes (Groth-Marnat, 2009 ). As such, it is important to evaluate the psychometric properties of measures of psychological distress among individuals diagnosed with cancer (Kroenke, Spitzer, Williams, & Lowe, 2010; Waller, Compas, Hollon, & Beckjord, 2005; Zigmond & Snaith, 1983) .
The Depression Anxiety Stress Scales (DASS; Lovibond & Lovibond, 1995) refers to a 42-item package of measures that are used clinically and in research (e.g., Antony, Orsillo, & Roemer, 2001; Osman et al., 2012) to evaluate and distinguish three areas of distress: depression symptoms, anxiety symptoms, and general stress. The measure is also available in a 21-item short form . Both the DASS and the DASS-21 can be administered flexibly to assess only specific symptoms (e.g., depression) if desired. Items on the depression scale evaluate symptoms of dysphoric mood (e.g., ''I couldn't seem to experience any positive feeling at all''). Items on the anxiety scale evaluate symptoms related to physiological hyperarousal, much like those seen in questionnaires evaluating panic (e.g., ''I was aware of dryness of my mouth''). Finally, items on the stress scale reflect negative affectivity (e.g., ''I felt that I was rather touchy'').
The psychometric properties of the DASS-21 have been evaluated in various populations, including adult psychiatric patients between the ages of 16 and 91 years (Antony, Bieling, Cox, Enns, & Swinson, 1998; Ng et al., 2007; Ronk, Korman, Hooke, & Page, 2013) , adult community samples between the ages of 18 and 91 years (Henry & Crawford, 2005; Osman et al., 2012; Sinclair et al., 2012) , and older adults in medical settings aged 61 years or older (Gloster et al., 2008; Wood, Nicholas, Blyth, Asghari, & Gibson, 2010) . The DASS-21 has also been translated into multiple languages, such as Persian (Asghari, Saded, & Dibajnia, 2008) , Spanish (Daza, Novy, Stanley, & Averill, 2002) , Chinese (Taouk, Lovibond, & Laube, 2001) , Nepali (Tonsing, 2014) , and Vietnamese (Tran, Tran, & Fisher, 2013) . Strong evidence has been found for the internal consistency reliability of the measure's three scales (Antony et al., 1998; Asghari et al., 2008; Daza et al., 2002; Gloster et al., 2008; Henry & Crawford, 2005; Osman et al., 2012; Ronk et al., 2013; Sinclair et al., 2012; Tran et al., 2013; Wood et al., 2010) . Construct validity has been demonstrated via significant positive correlations with other validated measures of depression and anxiety (Antony et al., 1998; Asghari et al., 2008; Daza et al., 2002; Gloster et al., 2008; Henry & Crawford, 2005; Osman et al., 2012; Sinclair et al., 2012) , and significant negative correlations with measures of positive affectivity and quality of life (Gloster et al., 2008; Henry & Crawford, 2005; Sinclair et al., 2012; Tonsing, 2014) . Moreover, the measure has successfully discriminated individuals with diagnosed psychological disorders from those without psychological disorders (Antony et al., 1998; Asghari et al., 2008; Gloster et al., 2008; Tran et al., 2013) . Although the DASS-21 has evidenced strong psychometric properties in varied populations, it has not been validated for use specifically in cancer.
The strong psychometric support for the DASS-21 across psychiatric, medical, and community samples, the empirical basis for its development, and the measure's ability to distinguish among multiple dimensions of psychological distress indicate that it could be an appropriate measure for use by oncology researchers and clinical providers. However, before such utility can be supported, it must be determined that the measure functions equivalently well among cancer patients as compared to populations in which the psychometric properties have already been shown to be strong (Groth-Marnat, 2009 ), such as community-based samples (Henry & Crawford, 2005; Osman et al., 2012; Sinclair et al., 2012) . Thus, the present study evaluated the structural validity, internal consistency reliability, and construct validity of the DASS-21
Depression and Anxiety scales in a sample of cancer patients as compared to a noncancer sample. The primary study hypothesis was that the DASS-21 Depression and Anxiety scales would demonstrate measurement invariance across cancer and noncancer samples. It was further hypothesized that scores on the DASS-21 Depression and Anxiety scales would be (1) positively related to reports of suicidal ideation as measured by the ninth item of the Patient Health Questionnaire-9 (PHQ-9; Kroenke, Spitzer, & Williams, 2001) , (2) positively correlated with depressed mood as measured by an item from the McGill Quality of Life Inventory (Cohen, Mount, Strobel, & Bui, 1995) , (3) negatively correlated with quality of life as measured by other selected items from the McGill Quality of Life Inventory (Cohen et al., 1995) , and (4) negatively correlated with self-rated health as measured by the SF-1 (Ware & Sherbourne, 1992) .
Methods

Participants and procedure
The current study utilized an Internet-mediated survey design. Two separate protocols were administered simultaneously, one of which was available for patients currently receiving cancer treatment (Hoerger, Chapman, Mohile, & Duberstein, 2016) and the other for individuals who had no history of cancer. To be eligible to participate as part of the cancer patient subsample (n ¼ 376), individuals had to be at least 18 years old, be able to read English, have a current diagnosis of cancer, and currently be receiving oncologic care. To be able to participate as part of the noncancer control subsample (n ¼ 207), participants had to be at least 18 years old, be able to read English, and have no history of cancer.
Cancer patients were recruited through the NIH Clinical and Translational Science ResearchMatch (Harris et al., 2012 ) recruitment tool, which allows for the recruitment of cancer patients from an online database of over 80,000 patient volunteers. The current study's website was advertised, with permission, through other health education websites, search engines, discussion forums, and relevant listservs. Noncancer control participants were recruited through the websites Psychological research on the net (http://psych.hanover.edu/Research/exponnet.html; Krantz, 2014) and Online social psychology studies (https://www.socialpsychology.org/expts.htm; Plous, 2014) , two websites that advertise Internetmediated academic research participation opportunities to the general public. The study website was also posted to other websites, search engines, discussion forums, and relevant listservs. The study website included an online consent form, contact information for study personnel, and all study survey materials. Participants were given automated, normed personality feedback based on responses to the Mini-IPIP (Donnellan, Oswald, Baird, & Lucas, 2006) , which was completed as part of the study protocol, immediately following completion of study activities as a demonstration of appreciation for their time and effort. Participants were also given the opportunity to enter a lottery for $100. The study was approved by the sponsoring university's Institutional Review Board prior to enrollment, and informed consent was obtained from all individual participants included in the study. All study procedures were in compliance with American Psychological Association ethical standards. (Lovibond & Lovibond, 1995) . The DASS-21 Depression and Anxiety scales are two of the three scales that comprise the DASS-21. The Stress scale was not administered in the present study to streamline the assessment for use in oncology settings and to reduce participant burden. Each scale comprises seven items, and respondents rate the applicability of each item to the past week on a scale from 0 (Not at all) to 3 (Most of the time). Higher scores indicate more severe symptoms of psychological distress.
Measures DASS-21 Depression and Anxiety Scales
Validation measures. Measures assessing quality of life, depressed mood, self-rated health, and suicidal ideation were utilized for validation, as these constructs have been previously shown to be associated with psychological distress (Applebaum et al., 2014; Kotov, Gamez, Schmidt, & Watson, 2010; Meurer, Layde, & Guse, 2001 ).
Quality of life. Quality of life was measured by four items adapted from the McGill Quality of Life Inventory (Cohen et al., 1995) . On a scale from 1 (Not at all) to 10 (Extremely), respondents were asked to rate (1) their current feelings of happiness, (2) their current perception of their life as purposeful and meaningful, and (3) their current perception that their days feel like a burden. In addition, on a scale from 1 (Very bad) to 10 (Excellent), respondents were asked to rate (4) their overall quality of life, including physical, emotional, social, spiritual, and financial quality of life. Responses were averaged to yield a composite indicator of quality of life (a ¼ .86).
Depressed mood. Depressed mood was assessed with an item adapted from the McGill Quality of Life Inventory (Cohen et al., 1995) . On a scale from 1 (Not at all) to 10 (Extremely), respondents were asked to rate their current feelings of depression. Higher scores indicated more severe depressed mood.
Self-rated health. Self-rated health was assessed using the first item from Ware and Sherbourne's (1992) SF-36 health questionnaire. This item, which is often referred to as the SF-1, asks respondents to rate their overall health on a scale from 1 (Poor) to 5 (Excellent), wherein higher scores indicate better self-rated health. The item is commonly used in research to evaluate self-rated health, and ratings have been shown to be associated with mortality even after controlling for objective indicators of overall health (DeSalvo, Bloser, Reynolds, He, & Muntner, 2006) . Suicidal ideation. Suicidal ideation was evaluated with the ninth item of the PHQ-9 (Kroenke et al., 2001 ). This item asks respondents to rate the frequency with which they have had ''thoughts that you would be better off dead or of hurting yourself in some way'' over the prior two weeks. Response options range from 0 (Not at all) to 3 (Nearly every day). For the present analysis, responses were dichotomized to reflect presence or absence of reported suicidal ideation. In the current sample, 20.5% of cancer patients and 18.8% of noncancer control participants endorsed presence of suicidal ideation. As the present study was an anonymous online survey, participants were informed in advance that they would receive no clinical intervention as a result of their questionnaire responses. Participants experiencing suicidal ideation had the option of contacting the study investigators, and all participants had access to mental health resources at the end of the study.
Analytic plan
Multiple group confirmatory factor analysis was used to evaluate the structural invariance of the DASS-21 across cancer patients and noncancer control participants. Based on prior research (Henry & Crawford, 2005; Lovibond & Lovibond, 1995) and theory (Clark & Watson, 1991) , both a one-factor model (general distress) and a two-factor model (depression and anxiety) were evaluated.
According to the guidelines set forth by Vandenberg and Lance (2000) , three increasingly restrictive models were iteratively examined to determine the degree of model invariance across cancer patients and noncancer control participants. First, to establish configural invariance and evaluate if the same factors exist across groups, the baseline fit of the measurement model was evaluated in two separate confirmatory factory analyses with each group. Second, metric invariance was evaluated by constraining factor loadings to equivalence across groups while factor variances, factor covariance, and error variances were freely estimated. In the third and final model, factor variances and covariance were also constrained to equivalence across groups to explore factor variance/covariance invariance. Only the error variances were freely estimated in this most restrictive model. Each model was statistically compared to the less restrictive iteration using a 2 difference test to determine which model best fit the observed data.
Overall model fit was determined using Bentler's (2007) Hu & Bentler, 1999) , an absolute index with values .08 indicating acceptable model fit and values .05 indicating good fit. A model was determined to fit well if two of these three criteria demonstrated at least acceptable model fit. The likelihood ratio 2 was also reported for completeness; however, it was not considered the only indicator of model fit because it is highly influenced by sample size and does not demonstrate degree of fit (Bentler, 2007) .
Once the optimal structural model was identified, sensitivity analyses were conducted controlling for age, gender, education, marital status, and race to evaluate the potential impact of these covariates on model fit. Internal consistency reliabilities of the DASS-21 Depression and Anxiety scales were then evaluated using Cronbach's alpha. Construct validity was explored via Pearson product-moment correlations of the DASS-21 Depression and Anxiety scale scores with scores on measures of quality of life, depressed mood, and self-rated health. Binary logistic regression analysis explored the relationship between DASS-21 Depression and Anxiety scores and reports of suicidal ideation. For the present study, the multiple group confirmatory factor analysis was conducted using MPlus version 5.21 (Muthe´n & Muthe´n, 1998 -2011 . All other analyses were completed in SPSS version 19 (IBM Corporation, Released 2010).
Results
Descriptive statistics and preliminary analysis
Sample characteristics can be found in Table 1 . Total DASS-21 Depression scale scores ranged from 0 to 21 for both groups. Total DASS-21 Anxiety scale scores ranged from 0 to 15 for cancer patients and from 0 to 18 for control participants. Average DASS-21 Depression and Anxiety scale scores did not significantly differ across the two groups. Average scores on the scales in both groups were below previously identified cutoff values used to indicate clinical levels of distress (Eng & Chan, 2013 Chi-squared analysis resulted in a significant difference at p < .01 (two tailed) between groups. Noncancer participants had no history of cancer.
noncancer control participants (S-B 2 ¼ 222.77, p < .01, CFI ¼ .86, RMSEA ¼ .10, SRMR ¼ .08). Thus, no further analyses were conducted evaluating the one-factor model.
The two-factor model fit well for both cancer patients and noncancer control participants, demonstrating configural invariance (Table 2 ). For responses provided by both groups, all estimated unstandardized factor loadings for both the Depression and Anxiety scales were statistically significant (p < .01; Table 3), as was the variance for the Depression factor (Patients: È ¼ .33, p < .01; Controls: È ¼ .45, p < .01). The variance for the Anxiety factor was not statistically significant for the noncancer control participants (È ¼ .10, p ¼ .09), although it was for the cancer patients (È ¼ .08, p ¼ .03), indicating less of a spread on responses to items assessing Anxiety among noncancer control participants as compared to cancer patients. The unstandardized covariance between the two factors was statistically significant for both groups (Patients: È ¼ .11, p < .01; Controls: È ¼ .15, p < .01), indicating that the Depression and Anxiety latent factors were positively related to one another in both groups.
Metric invariance. Good model fit was found for the metric invariance model, indicating equivalence of the factor loadings across groups (Table 2) . Furthermore, the metric invariance model was a superior fit to the data, when this model was statistically compared to the configural invariance models.
Factor variance/covariance invariance. This most restrictive model fit the data well (Table 2; Figure 1 ). When this model was statistically compared to the metric invariance model, it was found to be a superior fit to the data, demonstrating that the association between depression and anxiety, and the spread of DASS-21 Depression and Anxiety scale scores, was equivalent across groups. Sensitivity analyses controlling for age, gender, education, marital status, and race demonstrated no change in model fit as compared to the unadjusted analyses.
Internal consistency reliability
Across the total sample, internal consistency reliability was good for both the Depression (a ¼ .91) and Anxiety (a ¼ .74) scales of the DASS-21. For the cancer patient subsample, internal consistency reliability was good for the Depression scale (a ¼ .90) and acceptable for the Anxiety scale (a ¼ .70). Internal consistency reliability was good for both scales for the control participants (Depression: a ¼ .93; Anxiety: a ¼ .80). 
Construct validity
Scores on the DASS-21 Depression and Anxiety scales demonstrated significant bivariate correlations with measures of quality of life, depressed mood, and selfrated health in the expected directions (Table 4 ). Fisher's r-to-z tests demonstrated that the relationships between quality of life and the Depression scale were significantly stronger than the relationships between quality of life and the Anxiety scale for the total sample, and within each group separately. The relationships between scores on the item querying depression and the DASS-21 Depression scale were also significantly stronger than the relationships with the Anxiety scale for the total sample and for each subsample. Correlations did not differ significantly across cancer and noncancer participants for any comparison. Additionally, among the total sample, the unadjusted odds of reporting suicidal ideation were higher for participants with higher DASS-21 Depression (OR ¼ 1.39, 95% CI ¼ 1.31-1.48) and Anxiety (OR ¼ 1.31, 95% CI ¼ 1.22-1.40) scores as opposed to those with lower scores. These relationships were also found when cancer patients (Depression: OR ¼ 1.40, 95% CI ¼ 1.29-1.51; Anxiety: OR ¼ 1.28, 95% CI ¼ 1.15-1.37) and control participants (Depression: OR ¼ 1.39, 95% CI ¼ 1.25-1.54; Anxiety: OR ¼ 1.40, 95% CI ¼ 1.24-1.57) were examined separately. These results provided support for the construct validity of the two-factor structure of the DASS-21 Depression and Anxiety scales.
Discussion
The primary goal of the present study was to evaluate the appropriateness of the DASS-21 Depression and Anxiety scales for use with cancer patients. Given that leading accrediting agencies now mandate routine distress screening for patients with cancer (American College of Surgeons Commission on Cancer, 2015; Andersen et al., 2014; National Comprehensive Cancer Network (NCCN), 2013) , it is important to identify measures with sound psychometric properties for use in oncologic settings. Multiple group confirmatory factor analysis demonstrated that the DASS-21 Depression and Anxiety scales measured the constructs of depression and anxiety equivalently across cancer patients and control participants. Results of this analysis showed that the factor variance/ covariance invariance model was the best fit to the data. The same two-factor structure was found across groups, with items contributing to the same scales at equivalent levels, and with the same spread of responses on the scales and the same relationship between the scales, across groups. Thus, results suggest that the DASS-21 Depression and Anxiety scales are a structurally valid assessment of psychological distress to be used with cancer patients. Additionally, consistent with long-standing evidence and theory (Lovibond & Lovibond, 1995) , the Depression and Anxiety factors were significantly correlated in both cancer patients and control participants. This suggests that, while Depression and Anxiety are best measured and conceptualized as two distinct constructs, individuals experiencing symptoms of either depression or anxiety are likely to experience at least some symptoms of the other, regardless of cancer diagnostic history.
The internal consistency reliability of the DASS-21 Depression and Anxiety scales was also supported. Cronbach's coefficient alpha values for both scales demonstrated acceptable reliability (Groth-Marnat, 2009 ) across the total sample as well as within subgroups of cancer patients and control participants. As would be expected, average DASS-21 Depression and Anxiety scale scores for the current sample were similar to those previously observed among community samples (Henry & Crawford, 2005; Osman et al., 2012; Sinclair et al., 2012) , older adults in medical settings (Gloster et al., 2008) , and chronic pain patients (Wood et al., 2010) , and lower than those observed among psychiatric patients (Antony et al., 1998; Ng et al., 2007; Ronk et al., 2013) . Given that participants in the present sample generally did not meet criteria for mental health diagnoses, but rather were eligible for inclusion because of presence or absence of a medical diagnosis, it follows that scores on the DASS-21 Depression and Anxiety scales were lower than those observed among psychiatric samples.
Evidence of the construct validity of the DASS-21 Depression and Anxiety scales was also found. Consistent with expectations and prior research (Applebaum et al., 2014; Meurer et al., 2001) , increased reports of depression and anxiety symptoms were associated with increased odds of reporting suicidal ideation, poorer quality of life, and worse self-rated health. The relationships between scores on the item querying depression and the DASS-21 Depression scale were also significantly stronger than the relationships with the Anxiety scale for the total sample and for each subsample, as would be expected. The relationship between scores on the measure of quality of life and DASS-21 scale scores was also stronger for the Depression scale than for the Anxiety scale, as demonstrated by the correlations outlined in Table 4 . Additionally, Cronbach's alpha values were lower for the Anxiety scale than the Depression scale. The Depression scale is focused on affective symptoms, while the Anxiety scale targets somatic sensations. Participants across both groups endorsed more affective than somatic symptoms of distress. Similar patterns of responding have been observed in other studies using the DASS-21 in varied populations (Henry & Crawford, 2005; Norton, 2007) .
The present findings must be interpreted within the context of relevant limitations. The present study was cross-sectional in design, precluding evaluation of the test-retest reliability of the DASS-21 Depression and Anxiety scales.
Additionally, in an effort to diminish participant burden the DASS-21 Stress scale was not administered, and thus the psychometric properties of this scale could not be evaluated. Furthermore, there were a number of sociodemographic variables that significantly differed across cancer patients and non-cancer control participants. Although it is possible that these sociodemographic differences may have impacted how the DASS-21 Depression and Anxiety scales functioned in the two groups, tests of measurement invariance indicated that the scales functioned similarly across the two groups. Moreover, adjusting for these differences in sensitivity analyses did not impact model fit. Taken together, these findings indicate that the DASS-21 Depression and Anxiety scales operated similarly despite being administered to diverse samples, and therefore, similarly captured depressive and anxious symptoms across the demographic contexts of the present study.
Conclusion
In conclusion, this study investigated the psychometric properties of the DASS-21 Depression and Anxiety scales across a diverse sample of cancer patients and a sample of participants without a history of cancer. The present results suggest that the DASS-21 Depression and Anxiety scales represent a psychometrically viable option for health systems and clinicians when assessing distress in cancer patients.
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